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As a  natural corollary of our efforts to produce a  vaccine for active 
immunization against the New World variety of typhus fever, we un- 
dertook, over a  year ago, to immunize a horse with  these  vaccines, in 
order  to  determine  possible  antibody  production  and  protective 
properties. 
Course  of the Immunization 
We began on Sept.  30,  1931, to inject, subcutaneously,  into a  healthy horse 
formalinized Rickettsia suspensions made  from the  peritoneal exudates of  rats 
prepared and infected by the benzol technique described by us in preceding papers. 
These injections were continued until Jan., 1932, for nine injections, the material 
being only moderately rich in Rickettsiae.  At  the end of that  time, the Weil- 
Felix reaction of the horse, which had originally agglutinated Proteus X-19 + +  in 
1-40 dilutions,  had increased only to  + + + +  in 1-40 and  +  in 1-80 dilutions. 
The injections were intermitted at this time, because the pressure of other work 
prevented our attending to vaccine production. 
In Feb.,  1932, we developed a  method of reducing  the resistance of rats by 
exposure to X-rays (1), a  procedure which  we have used for vaccine production 
since  that time and which  is being at present extensively used in Mexico in the 
preparation of material for human vaccination.  This method yields a  material 
so rich in Rickettsiae that it is possible to inject large amounts of antigen in rela- 
tively small volumes, and also to wash the Rickettsiae, reducing the content of rat 
protein. 
With  this material immunization of the horse was continued until Mar.  18, 
when a  total of nineteen  injections of the killed vaccine had  been  given.  On 
Mar.  24,  8 days after the nineteenth injection,  the horse was bled.  The Weft- 
* This work was aided by a grant from the DeLamar Mobile Research Fund. 
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Felix reaction at this time showed agglutinations as follows:  1-20, + +  + +; 1--40, 
+++;  1-80,  +++;  1-160,  ++. 
A  number of protection experiments  were done with  this  serum.  Moderate 
doses of tunica virus were mixed in test-tubes with varying amounts of the immune 
horse serum ranging from 0.025 to 0.25 cc.  Controls with normal horse serum were 
always  carried  out.  We  do  not  describe  these  experiments,  since  the  results 
obtained were not decisive, although in two of them there was indication that the 
immune serum exerted a distinct inhibitory action upon the virus.  In the third 
experiment of this series,  the controls all reacted typically, with temperature and 
swelling,  while of five animals receiving immune serum, one only developed serotal 
swelling and this one alone developed a temperature of over 104  ° at any time. 
The increase of the Well-Felix reaction, an increase which as far as we know has 
never been noted in animals injected with  dead virus alone,  and  the moderate 
protective effects encouraged us to continue immunization of the horse since, after 
all, the amounts of antigen which we had been able to inject were incomparably 
inferior to those with which one expects to obtain potent antibody production in 
horses in analogous immunization with bacterial materials. 
We therefore, after an interval from the middle of March until the end of May, 
resumed injections of the vaccine, employing the method advised by Dr. Benjamin 
White for horse immunization.  This  consists in giving three injections on con- 
secutive days, followed by intervals lasting about a week.  With several  interrup- 
tions due to the difficulty, at  times,  of producing enough vaccine, immunization 
was  carried  on  from  May  31  until  Aug.  6.  The  injections  were  made  in- 
travenously.  During this period the horse received eighteen injections ranging 
from amounts of 5 to 10 cc. during the first series,  to 25 to 30 cc. of thick suspen- 
sions of Rickettsiae during the last three series. 
On Aug. 15, 9 days after the last injection, a large amount of blood was taken 
from the horse.  At this time the Weil-Felix reaction was + +  + +  in dilutions of 
1-40 and 1-80,  + + +  in 1-160 and definite, though incomplete, at 1-320.  Con- 
trol normal horse serum never agglutinated the Proteus  ×-19 in dilutions above 
1--40.  This was true as well of the serum of the immunized horse taken before 
vaccine injections  were begun. 
In  our  preliminary  protection  experiments,  much  difficulty  was 
encountered owing to the impossibility of comparative accuracy in the 
dosages  of  virus  used  in  consecutive  experiments--no  two  tunica 
materials  containing exactly comparabl~e amounts of Rickettsiae.  Be- 
cause  of  this,  and  in  order  to  avoid  unnecessary  expansion  of  this 
report, we shall summarize all but the last experiment. 
Protection Experiments 
1.  In two experiments  in which amounts of immune serum ranging 
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tunica and left at room temperature for 10 minutes before intraperi- 
toneal injection into guinea pigs, we obtained distinct prolongation of 
the incubation time (4 to 6 days) and shorter temperature curves than 
were observed in normal horse serum controls.  There was a definite 
effect of the immune serum, but the amounts of serum were obviously 
too small in relation to the doses of virus. 
2.  In one experiment in which amounts of 0.1  cc. of the immune 
serum were mixed with small doses of virus (1/250th of a tunica) and 
the mixtures allowed to stand for 30 minutes at room temperature 
before intraperitoneal injection, the immune serum animals were com- 
pletely protected, while the normal horse serum control sustained a 
typical typhus fever after a prolonged incubation time of 14 days. 
Duration of Passive Immunization 
In another experiment, four guinea pigs received 1 cc. each of im- 
mune horse serum subcutaneously.  Controls were given 1 cc. each 
of normal horse serum in the same way.  Intraperitoneal infection was 
carried out with a moderate dose of tunica virus 24 hours, 7 days, 13 
days and 18 days after serum injection. 
(a)  When the virus was given 24 hours after the serum, there was 
complete protection. 
(b)  When the virus was given 7 days after the serum, the immune 
serum animal sustained a very mild fever (1 day), with slight atypical 
swelling, while the control had a severe attack beginning in 3 days and 
progressing with typical swelling and temperature curve. 
(c)  When the virus was given 13 days after the serum, the animal 
which had received the immune serum was partially protected in a 
manner described in Paragraph  (b). 
(d)  When the virus was given 18 days after the serum, the protective 
effect of the serum had completely disappeared. 
This experiment encourages the hope for possible prophylactic use- 
fulness of sera of this type. 
Can the Serum Protect if Given after the Virus? 
Five guinea pigs received strong doses of tunica virus intraperito- 
neally.  Three of these animals were given 1.5  cc. each of immune 
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the virus injection.  One received normal horse serum 24 hours after 
infection.  One received no serum. 
(a)  The animals receiving the serum 24 hours after the virus showed 
a temperature touching 104  ° for 3 days, swelling for 1 day, but defer- 
vescence on the 5th day.  The analogous normal serum control had 
a  severe attack of the disease lasting 12  days, with scrotal swelling 
lasting 5 days. 
(b)  The animal receiving the serum 48  hours after the virus was 
completely protected. 
(c)  The animal receiving the serum 72  hours after the virus was not 
protected. 
The severity of the disease in the controls in this experiment, to- 
gether with the results of the experiment described in detail below, 
indicates that our dose of virus was excessive and that, for reasons not 
clear to us, the subcutaneous method of giving the serum in this type 
of experiment is preferable to the intraperitoneal route. 
In another experiment, two guinea pigs were given a moderate dose 
of tunica virus intraperitoneally.  One of them received 1.5 cc. of the 
immune horse serum intraperitoneally 24 hours later.  The other was 
similarly injected, at the same time, with normal horse serum.  The 
immune serum animal was completely protected.  The normal serum 
animal sustained a typical and severe attack of typhus. 
The following experiment will be described in detail, since we believe 
that it permits the definite conclusion that the serum of our horse-- 
even at its present relatively low potency--will prevent the develop- 
ment of typhus in guinea pigs, even when administered toward the 
middle or end of the incubation time. 
On Oct. 3, eight guinea pigs of approximately the same weight were given, in- 
traperitoneally, 1 cc. each of washings from a Mexican typhus guinea pig tunica 
fairly rich in Rickettsiae and representing  approximately 1/50th of a tunica.  These 
animals were paired.  One guinea pig of each pair received, subcutaneously, 2 
cc. of normal horse serum; the other animal of the pair receiving the same amount 
of immune horse serum, in the same way.  These  injections were given to one 
pair 24 hours after the virus; and to the other pairs 48, 72 and 96 hours, respec- 
tively, after the virus had been administered.  The reactions of the guinea pigs 
are set forth in Charts 1 to 4. 
It is  apparent  from this experiment that, with amounts of virus 
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CK~TS 1 to 4.  In these charts the heavy black lines represent the temperature 
reactions of the animals receiving the immune serum;  the broken lines those of 
the animals receiving equivalent amounts of normal horse serum.  The arrows 
indicate the points at which the serum, normal or immune, was injected.  The 
letters "sw." at the tops of the charts indicate typical scrotal swelling in the normal 
horse serum controls; at the bottom of Chart 4, in the animal treated with immune 
serum.  All animals received virus intraperitoneally on the  1st day. 396  TYPHUS  FEVER.  XI 
in all of the four animals in which normal serum was given, no disease 
occurred in the three animals in which the immune horse serum had 
been subcutaneously administered 24, 48 and 72 hours after the intra- 
peritoneal injection. 
Even in the animals in which the immune serum was delayed for 
96 hours, that is up to one day before the control developed typical 
fever, the disease seems to have been postponed for 2 days and the 
swelling limited to a  slight reaction lasting for 1 day only. 
Effect of the Serum on the European  Rickettsia 
In  these  experiments,  we  have  been  puzzled  and  considerably 
worried by the fact that our immune horse serum, which exerts such 
unquestionable potency in protecting against the New World disease, 
has so far exhibited no similar protective action against the European 
virus.  In preceding papers (2) we have reported the analogous obser- 
vation that active immunization, satisfactorily accomplished against 
the New World disease with our vaccines, was only partially success- 
ful against infection with the European disease.  Yet cross-immuniza- 
tions in animals convalescent from infections with the living virus of 
these two varieties have been regularly observed by others as well as 
by ourselves; and cross-agglutinations published  by us in  a  recent 
paper  (3)  have indicated a  close relationship between the respective 
agents of the two types of typhus.  The question arises whether this 
may not be a  quantitative difficulty which can perhaps be overcome 
by a  more energetic immunization of the horse with living Mexican 
organisms superimposed upon the treatment with killed Rickettsiae. 
For obvious reasons, we have been unable to determine the agglu- 
tination titer of the horse serum against our own vaccines.  The in- 
jections made into the horse were carried out with material obtained 
from the peritoneal exudates of rats, and we have been able to discover 
no other method of obtaining Mexican Rickettsiae in a  form suitable 
for agglutination reactions.  In vitro serum tests carried out with such 
an antigen and this horse serum would, therefore, be rendered value- 
less by the reaction inevitably occurring between rat protein and its 
antibodies.  The Well-Felix reaction developing in the horse indicates, 
of course, that a  change had taken place in the animal analogous to 
that which occurs when an attack of typhus fever--either of the Old HANS  ZINSSER  AND  M.  RUIZ  CASTANEDA  397 
World or the New World variety--has been successfully overcome. 
Meanwhile, however, we had another reaction at our disposal to throw 
light on the question discussed--namely, the possible  agglutinative 
properties  of  this  typhus-immune  horse  serum  against  the  Weigl 
vaccines, which consist in the triturated intestinal walls of typhus-in- 
fected lice  containing large  quantities  of Rickettsia  prowazeki.  We 
accordingly set up an agglutination reaction with these materials, as 
follows: 
Weigl Vaccine Agglutination 
(October 18, 1932) 
Dilution 
1-10 
1-20 
1-40 
1-80 
1-160 
1-320 
1-640 
Serum of horse treated with 
Mexican Rickettsiae 
++++ 
++++ 
++++ 
++++ 
++++ 
++++ 
++ 
Normal horse serum 
Reactions well started in an hour at 40°C.; complete in 3 hours. 
This experiment demonstrates that the serum of our horse, which 
had  received  vaccines  containing  killed  Mexican  Rickettsiae,  had 
developed potent agglutinins against the Rickettsiae  that occur in lice 
infected with blood from the European disease. 
Such results reenforce the conclusions drawn by us from our pre- 
vious agglutination studies to the effect that there is a close antigenic 
relationship between the agents giving rise to the New World and the 
Old World diseases, respectively.  They also encourage the hope that 
if we can considerably enhance the protective power of our horse serum 
by further immunizations with living virus, we may eventually obtain 
a  certain amount of protective power against moderate doses of the 
European virus. 
DISCUSSION  AND  CONCLUSIONS 
The experiments recorded above demonstrate that the systematic 
treatment  of  a  horse  with  formalin-  and  phenol-killed  Rickettsiae 
obtained from the Mexican virus by our X-ray rat technique induces 398  Tx~m~s  FEVER.  XI 
the development of properties  in  the horse's  serum which may be 
described as follows: 
1.  An original agglutinating potency for Proteus X-19 (Weil-Felix 
reaction) not exceeding dilutions of 1-40 was enhanced to a potency of 
1-160 and, feebly, 1-320. 
2.  The horse's serum, after immunization, exerts distinct protective 
action against the Mexican virus, whether mixed with the virus before 
injection, administered 1 week or somewhat longer before the virus or 
given 24, 48 or 72 hours after infection with virus.  Experiments of 
the last category have been most successful when the serum was given 
subcutaneously. 
3.  The serum of the immunized horse agglutinates the Weigl louse 
vaccines, containing Rickettsia prowazeki of the European disease in 
dilutions comparable in potency to the Weil-Felix reaction. 
Since the  serum described exerted protective effects when given 7 
and 13 days before infection with the virus, there is some prospect of 
prophylactic usefulness on the part of this serum. 
Since the serum also protected when subcutaneously administered 
24, 48 and 72 hours after intraperitoneal infection of guinea pigs, and 
somewhat modified the disease even when given 96 hours after infec- 
tion-that is 1 day before the control came down with a typical reac- 
tion-, it is at least logical to investigate its possible therapeutic value 
by early administration in the human disease of the New World or 
Mexican type.  The time intervals governing the experiments of the 
last two categories in guinea pigs were of course dependent upon the 
balance between the amounts of virus and of serum used. 
The failure of similar effects upon the European virus is not easily 
explained.  This is especially difficult to understand in view of the 
unquestionable  agglutinating  potency of  the  serum  for  the  Weigl 
vaccines.  Whether this  difficulty is  purely a  quantitative  one,  or 
depends  upon  other  factors,  can  be  determined  only  by  further 
investigation. 
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